PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




US Appln. No.-10/7 89,323 
Filed: 2/27/04; Stapper et al 
File: DEAV2003/0016US NP 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification *> : (11) International Publication Number: WO 99/62871 

C07C 309/63, 309/29, 323/18, 311/08, Al _ r _ _ __ „ __ looo /no ^ 



53/132, 69/612, 271/28, A61K 31/00 



(43) International Publication Date: 9 December 1999 (09.12.99) 



(21) International Application Number: 



PCT/SE99/00942 



(22) International Filing 


Date: 






31 May 1999 (31.05.99) 


(30) Priority Data: 












9801990-4 


4 


June 


1998 


(04.06.98) 


SE 


9801991-2 


4 


June 


1998 


(04.06.98) 


SE 


9801992-0 


4 


June 


1998 


(04.06.98) 


SE 



(71) Applicant (for all designated States except US): ASTRA 

AKTIEBOLAG [SFSE); S-151 85 SOdertalje (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): ANDERSSON, Kjell 

[SE/SE]; Astra Hassle AB, S-43 1 83 MOlndal (SE). BOUE, 
Maria [SE/SE]; Astra Hassle AB, S-431 83 MOlndal 
(SE). GOTTFRIES, Johan [SE/SE]; Astra Hassle AB, 
S-431 83 MOlndal (SE). INGHARDT, Tord [SE/SE]; Astia 
Hassle AB, S-431 83 MOlndal (SE). U. Lanna [CN/SE]; 
Astra Hassle AB, S-431 83 MOlndal (SE). LINDSTEDT 
ALSTERMARK, Eva-Lotte [SE/SE]; Astra Hassle AB, 
S-431 83 MOlndal (SE). 

(74) Agent: ASTRA AKTIEBOLAG; Intellectual Property, Patents, 
S-151 85 SOdertaije (SE). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, 
GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK. 

MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG. SI, 
SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZA, 
ZW, ARIPO patent (GH, GM, KE, LS, MW. SD, SL, SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY,. DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, O, CM, GA, GN, GW, ML, MR, 

NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: NEW 3-ARYL PROPIONIC ACID DERIVATIVES AND ANALOGS 



[CHJn-CHj- 



° 1 > 



(57) Abstract 

Novel 3-aryl proprionic acid derivatives and analogs, having general formula (I) and stereo- and optical isomers , and racemates 
thereof as well as pharmaceutically acceptable salts, solvates and crystalline forms thereof, process for their manufacture, pharmaceutical 
preparations containing them and the use of the compounds in clinical conditions associated with insulin resistance. 






8Q9§Q88QP 



FOR TOE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under fee PCT. 



AL 


Albania 


ES 


Spain 


AM 


Armenia 


FI 


Fmland 


AT 


Amnia 


FR 


France 


AU 


Australia 


GA 


Gabon 


AZ 


Azerbaijan 


GB 


United Kingdom 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


BB 


Barbados 


GH 


Ghana 


BE 


Belgium 


GN 


Guinea 


BF 


Burkina Faso 


GR 


Greece 


BG 


Bulgaria 


HU 


Hungary 


BJ 


Benin 


IE 


Ireland 


BR 


Brazil 


IL 


Israel 


BY 


Belarus 


IS 


Iceland 


CA 




IT 


Italy 


CF 


Central African Republic 


JP 


Japan 


CG 


Congo 


KE 


Kenya 


CH 


Switzerland 


KG 


Kyrgyzstan 


a 


CGte d’Ivoire 


KP 


Democratic People’s 


CM 


Cameroon 




Republic of Korea 


CS 


China 


KR 


Republic of Korea 


cu 


Cuba 


KZ 


Kazakstan 


cz 


Czech Republic 


LC 


Sami Lucia 


DE 


Germany 


U 


I -i^rhtwiiry.m 


DK 


Denmark 


LK 


Sri Lanka 


EE 


Estonia 


LR 


Uberia 



LS 


Lesotho 


SI 


Slovenia 


LT 


Lithuania 


SK 


Slovakia 


LU 


Luxembourg 


SN 


Senegal 


LV 


Latvia 


sz 


Swaziland 


MC 


Monaco 


TD 


. 


MD 


Republic of Moldova 


TG 


Togo 


MG 


Madagascar 


TJ 


Taplristan 


MK 


The former Yugoslav 


TM 


Turkmenistan 




Republic of Macedonia 


TR 


Turkey 


ML 


Mali 


TT 


Trinidad and Tobago 


MN 


Mongolia 


UA 


Ukraine 


MR 


Mauritania 


UG 


Uganda 


MW 


Malawi 


US 


United States of America 


MX 


Mexico 


UZ 


Uzbekistan 


NE 


Niger 


VN 


Viet Nam 


NL 


Netherlands 


YU 


Yugoslavia 


NO 


Norway 


zw 


Zimbabwe 


NZ 


New Zealand 






PL 


Poland 






PT 


Portugal 






RO 


Romania 






RU 


Russian Federation 






SD 


Sudan 






SE 


Sweden 






SG 


Singapore 








WO 99/62871 



PCT/SE99/00942 



1 

NEW 3-ARYL PROPIONIC ACID DERIVATIVES AND ANALOGS 



Field of invention 



The present invention releates to certain novel 3-aryl-2-hydroxypropionic acid derivatives 
and analogs, to a process for preparing such compounds, having the utility in clinical 
conditions associated with insulin resistance, to methods for their therapeutic use and to 
pharmaceutical compositions containing them. 

Background of the invention 

Insulin resistance, defined as reduced sensitivity to the actions of insulin in the whole body 
or individual tissues such as skeletal muscle, myocardium, fat and liver prevail in many 
individuals with or without diabetes mellitus. The insulin resistance syndrome, IRS, refers 
to a cluster of manifestations including insulin resistance with accompanying 
hyperinsulinemia, possibly non insulin dependent diabetes mellitus (NIDDM), arterial 
hypertension, central (visceral) obesity, dyslipidemia observed as deranged lipoprotein 
levels typically characterized by elevated VLDL (very low density lipoproteins) and 
reduced HDL (high density lipoproteins) concentrations and reduced fibrinolysis. 

Recent epidemiological research has documented that individuals with insulin resistance 
run a greatly increased risk of cardiovascular morbidity and mortality, notably suffering 
from myocardial infar ction and stroke. In non-insulin dependent diabetes mellitus these 
atherosclerosis related conditions cause up to 80% of all deaths. 

In clinical medicine there is at present only limited awareness of the need to increase the 
insulin sensitivity in IRS and thus to correct the dyslipidemia which is considered to cause 
the accelerated progress of atherosclerosis. 
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Furthermore there is at present no pharmacotherapy available to adequately correct the 
metabolic derangements associated with IRS. To date, the treatment of NIDDM has been 
focused on correction of the deranged control of carbohydrate metabolism associated with 
the disease. S timulat ion of endogenous insuli n secretion by means of secretagogues, like 
sulphonylureas, and if necessary administration of exogenous insulin are methods 
frequently used to normalize blood sugar but that will, if anything, further enhance insulin 
resistance and will not correct the other manifestations of IRS nor reduce cardiovascular 
morbidity and mortality. In addition such treatment involves a significant risk of 
hypoglycemia with associated complications. 

Other therapeutic strategies have focused on aberrations in glucose metabolism or 
absorption, incl udin g biguanides, such as methformin, or glucosidase inhibitors, such as 
acarbose. Although these agents have been efficacious to a degree, their limited clinical 
effect is associated with side effects. 

A novel therapeutic strategy involves the use of insulin sensitizing agents, such as die 
' thiazolidinediones which at least in part mediate their effects via an agonistic action on 
nuclear receptors. Ciglitazone is the prototype in this class. In animal models of IRS these 
compounds seem to correct insulin resistance and the associated hypertnglycendaemia and 
hyperinsulinemia, as well as hyperglycemia in diabetes, by improving insulin sensitivity 
via an effect on lipid transport and handling, leading to enhanced insulin action in skeletal 
muscle, liver and adipose tissue. 

Ciglitazone as well as later described thiazolidinediones in clinical development either 
have been discontinued reportedly due to unacceptable toxicity or show inadequate 
potency. Therefore there is a need for new and better compounds with insulin sen si tiz in g 
properties. 
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Prior art 




and 




and certain derivatives thereof disclosed in US 5 306 726 and WO 91/19702 are said to be 
useful as hypoglycemic and hypocholesterolemic agents, and in US S 232 945 said to be 
- useful in the treatment of hypertension. 

AU 650 429 discloses structurally related compounds, but claimed to have different 
properties: diuretic, antihypertensive, platelets anti-aggregating and anti-lipoxygenase 
properties. 

EP 139 421 discloses compounds having the ability to lower blood lipid and blood sugar 
levels. Among these compounds is troglitazone, a compound that has reached the market 
for treatment ofNIDDM or decreased glucose tolerance. 

WO 97/3 1907 discloses compounds which are claimed to show good blood-glucos 
lowering activity and therefore to be of use in the treatment and/or prophylaxis or 
hyperglycaemia, dyslipidemia, and are of particular use in the t reatm ent of Type n 
diabetes. 
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These compounds are also claimed to be of use for the treatment and/or prophylaxis of 
other diseases incl uding Type I diabetes, hypertriglyceridemia, syndrome X, insulin 
resistance, heart failure, diabetic dyslipidemia, hyperlipidemia, hypercholesteremia, 

5 hypertension and cardiovascular disease, especially atherosclerosis. 

Description of the invention 

The invention relates to compounds of the general formula (I) 

10 




and stereo and optical isomers and racemates thereof as well as pharmaceutically 
is acceptable salts, solvates and crystalline forms thereof in which formula 

A is situated in the ortho, meta or para position and represents 

R 3 R 1 R 3 R 1 

ll II 

- C - C - COR or - C = C - COR, wherein 

20 R is hydrogen; 

-OR a , wherein R a represents hydrogen, alkyl, aryl or alkylaryl; 

-NR^, wherein R a and R b are the same or different and R a is as defined above 
and R b represents hydrogen, alkyl, aryl, alkylaryl, cyano, -OH, -Oalkyl, -Oaryl, - 
Oalkylaryl, -COR c or -S02R d , wherein R c represents hydrogen, alkyl, aryl or 
25 alkylaryl and R d represents alkyl, aryl or alkylaryl; 
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R l is alkyl, aryl, alkene, alkyne, cyano; 

-OR e , wherein R e is alkyl, acyl, aryl or alkylaryl; 
f f 

-0-[CH 2 ] m -OR , wherein R represents hydrogen, alkyl, acyl, aryl or alkylaryl 
and m represents an integer 1-8; 

s -OCONRV, wherein R a and R c are as defined above; 

-SR d , wherein R d is as defined above; 

-S0 2 NR a R f , wherein R f and R a are as defined above; 

-S0 2 0R a , wherein R a is as defined above; 

- COOR d , wherein R d is as defined above; 
to R 2 is hydrogen, halogen, alkyl, aryl, or alkylaryl, 

R 3 and R 4 are the same or different and each represents hydrogen, alkyl, aryl, or alkylaryl, 
n is an integer 1-6, 

D is situated in the ortho, meta or para position and represents 
-0S0 2 R d , wherein R d is as defined above; 
is -OCONR f R a , wherein R f and R a are as defined above; 

-NR c COOR d , wherein R c and R d are as defined above; 

-NR c COR a , wherein R c and R a are as defined above; 

-NR°R d , wherein R c and R d are as defined above; 

-NR c S0 2 R d , wherein R c and R d are as defined above; 

20 -NR c CONR a R k , wherein R a , R c and R k are the same or different and each 

represents hydrogen, alkyl, aryl, or alkylaryl; 

-NR c CSNR a R k , wherein R a , R c and R k are the same or different and each 

represents hydrogen, alkyl, aryl or alkylaryl; 

-S0 2 R d , wherein R d is as defined above; 

25 -SOR d , wherein R d is as defined above; 

•SR C , wherein R c is as defined above; 

-SC^NR^, wherein R f and R a are as defined above; 

-SC^OR 8 , wherein R a is as defined above; 

-CN, 

30 CONR'R*, wherein R c and R a are as defined above; 
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D’ is situated in the ortho, meta or para position and represents 

hydrogen, alkyl, acyl, aryl, alkylary l, halogen, -CN, -NO 2 , -NR f R b , wherein R f 
and R b are as defined above; 

-OR f , wherein R f is as defined above; 

-0S0 2 R d , wherein R d is as defined above; 

D” is situated in the ortho, meta or para position and represents 

hydrogen, alkyl, acyl, aryl, alkylary L, halogen, -CN, -N0 2 , -NR f R b wherein R f 
and R b are as defined above; 

-OR f , wherein R f is as defined above. 

-0S0 2 R d , wherein R d is as defined above. 

For ease of reference the definitions of formula I above is henceforth referred to as defined 
in Category A. Unless otherwise stated the definitions of the various substituents are as 
under Category A throughout the present application. 

The compounds of the formula I are surprisingly effective in conditions associated with 
insulin resistance. 

Category A2: In one embodiment the present invention does not comprise (S)-2-ethoxy-3- 
[4-(2- {4-[methanesulfonyloxyphenyl} ethoxy)phenyl]propanoic acid, and 3- {4-[2-(4-rerr- 
butoxycaibonylaminophenyl)ethoxy]phenyl}-(S)-2-ethoxypropanoic acid. 

Category A3: preferred compounds of the present invention are those of formula I, wherein 
A is situated in the meta or para position and represents, 



R 3 R 1 

I I 

— C — C — COR, wherein 

I t 
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Ris 



5 



R 1 is 
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R 2 is 
R 3 is 
R 4 is 
nis 
D is 



15 



20 



hydrogen; 

-OR a , wherein R a is as defined in Category A; 

-NR'k* 3 , wherein R a and R b are the same or different and R a is as defined in 
Category A and R b represents hydrogen, alkyl, aryl, alkylaryl, cyano, -OH, 
-Oalkyl or -Oalkylaryl; 
cyano; 

-OR d , wherein R d is as defined in Category A; 

-O-fCHJn, -OR a , wherein m and R a are as defined in Category A; 

hydrogen or alkyl; 

hydrogen or alkyl; 

hydrogen; 

an integer 1-3; 

situated in the ortho, meta or para position and represents 
-0S02R d , wherein R d is as defined in Category A; 

-OCONR^', wherein R a and R c are as defined in Category A; 
-NR e COOR d , wherein R c and R d are as defined in Category A; 

-NR c COR a , wherein R c and R a are as defined in Category A; 

-NR'r' 1 , wherein R c and R d are as defined in Category A; 

-NR'SOjR* 1 , wherein R c and R d are as defined in Category A; 
-NR e CONR k R c , wherein R a , R c and R k are as defined in Category A; 
-NR c CSNR a R k , wherein R a , R c and R k are as defined in Category A; 
-S02R d , wherein R d is as defined in Category A; 

-SR C , wherein R c is as defined in Category A; 



-CN; 

25 -CONR*R c , wherein R a and R c are as defined in in Category A; 

D’ is situated in the ortho, meta or para position and represents 

hydrogen, alkyl, alkylaryl, halogen, -CN or -NOj; 

-OR h , wherein R h is hydrogen or alkyl; 

D’ ’ is situated in the ortho, meta or para position and represents 
hydrogen, alkyl, alkylaryl, halogen, -CN or -NOj; 



30 
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-OR h , wherein R h is as defined above. 



Category A4: further preferred compounds of the present invention are those within 





Category A3, wherein 


5 Ais 


situated in the meta or para position; 


Ris 


- OR 8 , wherein R a is hydrogen, alkyl or alkylaryl; 

-NHR b , wherein R b is hydrogen, alkyl, alkylaryl, cyano, -Oalkyl or -Oalkylaryl; 


R*is 


-Oalkyl; 


R 2 is 


hydrogen or alkyl; 


to R 3 is 


hydrogen or alkyl; 


R 4 is 


hydrogen; 


nis 


an integer 1-3, 


D is 


situated in the ortho, meta or para position and represents 
- NR c COOR d , wherein R°, and R d are as defined in Category A; 


is D’ is 


hydrogen. 


D” is 


hydrogen. 



Category A 5: further preferred compounds of the present invention are those within 
Category A4, wherein 



20 Ais 


situated in the para position; 


Ris 


-OH, -Oalkyl or -Oalkylaryl; 
-NH 2 , -NHOalkylaryl or -NHCN; 


R 1 is 


-Oalkyl, preferably -Olower alkyl; 


R 2 is 


hydrogen; 


25 R 3 is 


hydrogen; 


n is 


the integer 1; 


D is 


situated in the para position, and represents - NR b COOR d , wherein 
R d is as defined in Category A and R b represents hydrogen or alkyl. 




WO 99/62871 



PCT/SE99/00942 



9 

Category A6: further preferred compounds of the present invention are those within 
Category A5, wherein 

D is -NR J COOalkyl wherein R 1 represents hydrogen and lower alkyl. 

s Category A7: further preferred compounds of the present invention are those within 
Category A3, wherein 

A is situated in the meta or para position. 

R is -OR a , wherein R a is hydrogen, alkyl or alkylary 1; 

-NHR b , wherein R b is hydrogen, alkyl, alkylary l, cyano, -Oalkyl or -Oalkylaryl; 
to R 1 is -Oalkyl; 

R is hydrogen or alkyl; 

R 3 is hydrogen or alkyl; 

4 

R is hydrogen; 

n is an integer 1-3; 

ts D is situated in the ortho, meta or para position and represents 

-NR c COR a , wherein R c and R a are as defined in Category A; 

D' is hydrogen. 

D" is hydrogen. 

20 Category A8: further preferred compounds of the present invention are those within 
Category A7 wherein 
A is situated in die para position; 

R is -OH, -Oalkyl or -Oalkylaryl; 

-NH 2 , -NHOalkylaryl or -NHCN; 

25 R l is -Oalkyl, preferably -Olower alkyl; 

R is hydrogen; 

R 3 is hydrogen; 

nis the integer 1; 

D is situated in the para position, and represents -NR b COR d , wherein 

R d is as defined in Category A and R h represents hydrogen or alkyl. 



30 
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Category A9: further preferred compounds of the present invention are those within 
Category A8, wherein 

D is -NHCOR d , wherein R d is as defined in Category A. 

Category A10: further preferred compounds of the present invention are those within 
Category A3, wherein 

A is situated in the meta or para position, 

Ris -OR a , wherein R a is hydrogen, alkyl or alkylaryl; 

-NHR b , wherein R b is hydrogen, alkyl, alkylaryl, cyano, -Oalkyl or 

-Oalkylaryl; 

R.'is - Oalkyl, 

R 2 is hydrogen; 

R 3 is hydrogen or alkyl; 

R 4 is hydrogen; 

n is an integer 1-3; 

‘ D is situated in the ortho, meta or para position and represents 

-S0 2 R d , wherein R d is as defined in Category A; 

D’ is hydrogen; 

D” is hydrogen. 

Category A1 1: further preferred compounds of the present invention are those within 
Category A10, wherein 
A is situated in the para position; 

R is -OH, -Oalkyl or -Oalkylaryl; 

-NH 2 , -NHOalkylaryl or -NHCN; 

R* is -Oalkyl, preferably -Olower alkyl; 

R 3 is hydrogen; 
nls . die integer 1; 
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D is situated in the para position and represents -SC> 2 R d , wherein R d is as defined in 
Category A. 

Category A12: further preferred compounds of the present invention are those within 
Category A3 , wherein 

A is situated in the meta or para position, 

R is -OR 8 , wherein R a is hydrogen, alkyl or alkylaryl; 

-NHR b , wherein R b is hydrogen, alkyl, alkylaryl, cyano, -Oalkyl or 
-Oalkylaryl; 

R 1 is -Oalkyl; 

2 

R is hydrogen; 

R 3 is ' hydrogen or alkyl, 

R 4 is hydrogen; 

nis an integer 1-3; 

D is situated in the ortho, meta or para position and represents 
-SR d , wherein R d is as defined in Category A; 

' D’ is hydrogen; 

D" is hydrogen. 

Category A13: further preferred compounds of die present invention are those within 
Category A12, wherein 
A is situated in the para postion; 

Ris -OH, -Oalkyl, -Oalkylaryl; 

-NH 2 , -NHOalkylaryl or -NHCN; 

R l is -Oalkyl, preferably -Olower alkyl; 

R 3 is hydrogen; 

nis the integer 1; 

D is situated in the para position and represents -SR d , wherein R d is as defined in 
Category A. 
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Category A14: further preferred compounds of the present invention are those within 
Category A3, wherein 

A is situated in the meta or para position, 

R is -OR 8 , wherein R a is hydrogen, alkyl, alkylaryl; 
b b 

s -NHR , wherein R is hydrogen, alkyl, alkylaryl, cyano, -Oalkyl or 

-Oalkylaryl; 

R 1 is -Oalkyl; 

R 2 is hydrogen or alkyl; 

R 3 is hydrogen or alkyl; 

4 

to R is hydrogen; 

n is an integer 1-3, 

D is situated in the ortho, meta or para position and represents 

-OCONR a R c , wherein R a and R c are as defined in Category A; 

D’ is hydrogen; 
is D" is hydrogen. 

’ Category A15: further preferred compounds of the present invention are those within 
Category A14, wherein 
A is situated in the para position; 

20 R is -OH, -Oalkyl, -Oalkylaryl; 

-NH 2 , -NHOalkylaryl, -NHCN; 

2 

R is hydrogen; 

R 3 is hydrogen; 

nis the integer 1; 

25 D is situated in the para position, and represents 

-OCONHR d , wherein R d is as defined in Category A. 

Category A16: further preferred compounds of the present invention are those within 
Category A15, wherein 

30 R l is -Oalkyl, preferably -Olower alkyl; 
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D is -OCONHalkyL 

Category A1 7 : further preferred compounds of the present invention are those within 
Category A3, wherein 

s A is situated in the meta or para position, 

Ris -OR a , wherein R a is hydrogen, alkyl, alkylaryl; 

-NHR b , wherein R b is hydrogen, alkyl, alkylaryl, cyano, -Oalkyl or 

-Oalkylaxyl; 

R l is -Oalkyl, 

io R 2 is hydrogen or alkyl; 

R 3 is hydrogen or alkyl, 

R 4 is hydrogen; 

n is an integer 1-3; 

D is sit uate d in the ortho, meta or para position and represents 

IS -NR c S0 2 R d , wherein R c and R d are as defined in Category A; 

D' is hydrogen; 

D" is hydrogen. 

Category A1 8: further preferred compounds of the present invention are those within 
20 Category A1 7, wherein 

A is situated in the para position; 

R is -OH, -Oalkyl, -Oalkylaryl; 

-NH 2 , -NHOalkylaryl or -NHCN; 

R 2 is hydrogen; 

25 R 3 is hydrogen; 

nis the integer lr 

D is situated in file para position, and represents 

-NR h S0 2 R <i , wherein R d is as defined in Category A and R h is hydrogen or alkyl. 
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Category A19: further preferred compounds of the present invention are those within 

Category A18, wherein 

R 1 is -Oalkyl, preferably -Olower alkyl; 

D is -NR h S0 2 alkyl wherein R h is as defined above. 

5 

Category A20: further preferred compounds of the present invention are those within 
Category A3, wherein 

A is situated in the meta or para position; 

R is -OR a , wherein R a is hydrogen, alkyl or alkylaryl; 

10 -NHR b , wherein R b is hydrogen, alkyl, alkylaryl, cyano, -Oalkyl or 

-Oalkylaryl; 

R 1 is -Oalkyl; 

R 2 is hydrogen or alkyl; 

R 3 is hydrogen or alkyl; 

4 

15 R is hydrogen; 

n is an integer 1-3; 

' D is situated in die ortho, meta or para position and represents 

-NR c R d , wherein R c and R d are as defined in Category A; 

D’ is hydrogen; 

20 D" is hydrogen. 

Category A21 : further preferred compounds of the present invention are those within 
Category A20, wherein 
A is situated in the para position; 

25 Ris -OH, -Oalkyl, -Oalkylaryl; 

-NH 2 , -NHOalkylaryl or -NHCN; 

R is hydrogen; 

R 3 is hydrogen; 

□ is the integer 1; 

30 D is situated in the para position, and represents 
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-NR b R d wherein R d is as defined in Category A and R b is hydrogen or alkyl. 

Category A22: further preferred compounds of the present invention are those within 

Category A21, wherein 

R l is -Oalkyl, preferably -Olower alkyl; 

D is -NR h alkyl wherein R b is hydrogen or alkyl. 

Category A23: further preferred compounds of the present invention are those within 
Category A3, wherein 

A is situated in the meta or para position; 

R is -OR 8 , wherein R a is hydrogen, alkyl or alkylaryl; 

-NHR b , wherein R b is hydrogen, alkyl, alkylaryl, cyano, -Oalkyl or 
-Oalkylaryl; 

R l is -Oalkyl; 

R is hydrogen or alkyl; 

R 3 is hydrogen or alkyl, 

■ R 4 is hydrogen; 

nis an integer 1-3; 

D is situated in the ortho, meta or para position and represents 

-NR'CONrV, wherein R a , R c and R k are as defined in Category A; 

D' is hydrogen; 

D" is hydrogen. 

Category A24: further preferred compounds of the present invention are those within 
Category A23, wherein 
A is situated in the para position; 

R is -OH, -Oalkyl, -Oalkylaryl; 

-NH 2 , -NHOalkylaryl or -NHCN; 

R is hydrogen; 

R 3 is hydrogen; 
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nis the integer 1; 

D is situated in the para position, and represents 

-NHCONHR d , wherein R d is as defined in Category A. 

s Category A25: further preferred compounds of the present invention are those within 

Category A24, wherein 

R* is -Oalkyl, preferably -Olower alkyl; 

D is -NHCONHalkyl. 

10 Category A26: further preferred compounds of the present invention are those within 
Category A3, wherein 

A is situated in the meta or para position; 

R is -OR a , wherein R a is hydrogen, alkyl or alkylaryl; 

-NHR b , wherein R b is hydrogen, alkyl, alkylaryl, cyano, -Oalkyl or 

is -Oalkylaryl; 

R 1 is -Oalkyl; 

- R 2 is hydrogen or alkyl; 

R 3 is hydrogen or alkyl; 

R 4 is hydrogen; 

20 n is an integer 1-3; 

D is situated in the ortho, meta or para position and represents 

-NR'CSNR^, wherein R a , R e and R k are as defined in Category A; 

D' is hydrogen; 

D" is hydrogen. 

25 

Category A27: further preferred compounds of the present invention are those within 
Category A26, wherein 
A is situated in the para position; 

R is -OH, -Oalkyl, -Oalkylaryl; 
jo -NH 2) -NHOalkylaryl or -NHCN; 
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R 2 is hydrogen; 

R 3 is hydrogen; 

nis the integer 1; 

D is situated in the para position, and represents 

-NHCSNHR d , wherein R d is as defined in Category A. 

Category A28: further preferred compounds of the present invention are those within 
Category A27, wherein 
R l is -Olower alkyl. 

Dis -NHCSNHalkyl. 

Category A29: further preferred compounds of the present invention are those within 
Category A3, wherein 

A is situated in the meta or para position; 

R is -OR 8 , wherein R 8 is hydrogen, alkyl, alkylaryl; 

-NHR b , wherein R b is hydrogen, alkyl, alkylaryl, cyano, -Oalkyl or 

-Oalkylaryl; 

R* is -Oalkyl; 

R 2 is hydrogen or alkyl; 

R 3 is hydrogen or alkyl; 

R 4 is hydrogen; 

n is an integer 1-3; 

D is situated in the ortho, meta or para position and represents 
-0S02R d , wherein R d is as defined in Category A; 

D’ is hydrogen; 

D” is hydrogen. 



Category A30: further prefered compounds of the present invention are those within 
Category A29, wherein 
A is situated in the para position; 
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R is -OH, -Oalkyl, -Oalkyiaryl; 

-NH 2 , -NHOalkylaryl or -NHCN; 

R 2 is hydrogen; 

R 3 hydrogen; 

5 nis the integer 1; 

D is situated in the para position and represents 

-0S0 2 alkyl or -OS0 2 alkylaryl. 

Ca te gory A31: further preferred compounds of the present invention are those within 
io Category A30, wherein 

R 1 is -Oalkyl, preferably -Olower alkyl; 

D is -0S0 2 alkyl 

Category A32: further preferred compounds of the invention are 
is 

2- Ethoxy-3-[4-(2- {4-methanesulfonyloxyphenyl} ethoxy)phenyl]propanoic acid; 

3- {4-[2-(4-rerr-Butoxycarbonylaminophenyl)ethoxy]phenyl} -2-ethoxypropanoic acid; 

20 2-Ethoxy-3-{4-[2-(4-methanesulfonylphenyl)ethoxy]phenyl}propanoic acid; 

2-Ethoxy-3- {4-[2-(4-methylsulfanylphenyl)ethoxy]phenyl}propanoic acid; 

2- Ethoxy-3-[4-(2- {4-isobutyiylaminophenyl} ethoxy)phenyl]propanoic acid; 

2S 

3 - {4.[2-(4-rert-Butylcarbamoyloxyphenyl)ethoxy]phenyl}-2-ethoxypropanoic acid ethyl ester, 
2-Ethoxy-3-{4-[2-(4-methanesulfonylaminophenyl)ethoxy]phenyl} propanoic acid; 
iV-Cyano-2-ethoxy-3-[4-(2- {4-methanesulfonyloxyphenyl} ethoxy)phenyl]propanoic amide; 



30 
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iV-Benzyloxy-2-ethoxy-3-[4-(2- {4-methanesulfonyloxyphenyl} ethoxy)phenyl]propanoic amide; 
2-Etboxy-3-[4-(2- {4-methanesulfonyloxyphenyl} ethoxy)phenyl]propanoic amide; 



2-Ethoxy-3-{4-[3-(3-methanesiilfonyloxyphenyl)propoxy]phenyl}propanoic acid ethyl 

ester; 

2- Ethoxy-3-(4- {2-[4-(2-propanesulfonyloxy)phenyl]ethoxy}phenyl)propanoic acid; 

3- [4-{2-{4-[rerr-Butoxycaibonyl(methyl)amino]phenyl)ethoxy}phenyl]-(S)-2- 

ethoxypropanoic acid; 

(S)-2-Ethoxy-3-[4- {2-[4-{methoxycaibonylamino)phenyl)ethoxy]phenyl}propanoic acid; 

2- Ethoxy-3-{4-[2-{4-methylcarbamoyloxyphenyI)ethoxy]phenyl} propanoic acid ethyl 
ester, 

3- [4- {2-(4-[Benzyloxycarbonylamino]phenyl)ethoxy}phenyl]-(S)-2-e1hoxypropanoic acid; 

3-{4-[2-(4-tert-Butoxycarbonylaminophenyl)ethoxy]-3-methoxyphenyl}-2- 
ethoxypropanoic acid; 

3-[4-(2- {4-/m-Butoxycaibonylaminophenyl} ethoxy)phenyl]-2-(2,2,2- 
trifluoroethoxy)propanoic acid methyl ester, 

(S)-2-Ethoxy-3-(4-{2-[4-{phenylsulfonyl)phenyl]ethoxy}phenyl)propanoicacid; 

and, where applicable, stereo- and optical isomers and racemates thereof as well as 
pharmaceutically acceptable salts, solvates and crystalline forms thereof. 
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Category A 33 : further preferred compounds of the present invention are compounds which 
are one of the possible enantiomers. 

5 When alkyl is included in the substituent D the preferred alkyls are methyl, ethyl, propyl, 
isopropyl and tertiary butyl. 

When the substituent R 1 represents an alkyl group, the preferred alkyls are alkyl groups 
having from 2 to 6 carbon atoms. 

10 

When the substituent OR a represents an alkylaryl group, the preferred alkylaryl is benzyl. 

In the present specification the expression “pharmaceutically acceptable salts” is intended 
to define but is not limi ted to such base salts as the alkali metal salts, alkaline earth metal 
is salts, al uminium, Tine and bismuth salts, amm onium salts, salts with basic amino acids, 
and salts with organic amines. 

Throughout the specification and the appended claims, a given chemical formula or name 
shall encompass all stereo and optical isomers and racemates thereof (with the exception of 
20 the compounds of Category A 2 ), as well as mixtures in different proportions of the 
separate enantiomers, where such isomers and enantiomers exist, as well as 
pharmaceutically acceptable salts thereof and solvates thereof such as for instance hydrates. 
Isomers may be separated using conventional techniques, e.g. chromatography or fractional 
crystallization. The enantiomers may be isolated by separation of racemate for example by 
25 fractional crys tallizati on, resolution or HPLC. The diastereomers may be isolated by 
separation of isomer mixtures for instance by fractional crystallization, HPLC or flash 
chromatography. Alternatively the stereoisomers may be made by chiral synthesis from 
chir al startin g materials under conditions which will not cause racemisation or 
epimerisation, or by derivatisation, with a chiral reagent All stereoisomers are included 
jo within the scope of the invention. 
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The following definitions shall apply throughout the specification and the appended 
claims. 

5 Unless otherwise stated or indicated, the term “alkyl” denotes a straight or branched, 
substituted or unsubstituted alkyl group having from 1 to 6 carbon atoms or a cyclic alkyl 
having from 3 to 6 carbon atoms. The term "lower alkyl" denotes a straight or branched, 
substituted or unsubstituted alkyl group having from 1 to 3 carbon atoms or a cyclic alkyl 
having 3 carbon atoms. Examples of said alkyl and lower alkyl include methyl, ethyl, n- 
io propyl, isopropyl, n-butyl, iso-butyl, sec-butyl, t-butyl and straight- and branched-chain 
pentyl and hexyl as well as cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. 

Unless otherwise stated or indicated, the term "alkoxy" denotes a group O-alkyl, wherein 
alkyl is as defined above. 

15 

Unless otherwise stated or indicated, the term “halogen” shall mean fluorine, chlorine, 

' bromine or iodine. 

Unless otherwise stated or indicated, the term “aryl” denotes a substituted or unsubstituted 
20 phenyl, furyl, thienyl or pyridyl group, or a fused ring system of any of these groups, such 
as naphthyl. 

Unless otherwise stated or indicated, the term “substituted ” denotes an alkyl or an aryl 
group as defined above which is substituted by one or more alkyl, alkoxy, halogen, amino, 
25 thiol, nitro, hydroxy, acyl, aryl or cyano groups. 



Unless otherwise stated or indicated, the term “alkylaryl” denotes a 




WO 99/62871 



PCT/SE99/00942 



22 

R r 

I 

(C ) — aryl 

r 

R* 

wherein n is an integer 1 to 6 and R r and R* are the same or different and each represents 
hydrogen or an alkyl or aryl group as defined above. 

5 

Unless otherwise stated or indicated, the term “acyl” denotes a group 

O 

« , 

-C-R 1 , 

to wherein R® is hydrogen, alkyl, alkoxy, aryl and alkylaryl as defined above. 

Unless otherwise stated or indicated, the terms "alkenyl" and "alkynyl" denote a straight or 
branched, substituted or unsubstituted unsaturated hydrocarbon group having one or more 
double or triple bonds and having a maximum of 6 carbon atoms, preferably 3 carbon 

is atoms. 

Unless otherwise stated or indicated the term "protective group” (R*) denotes a protecting 
group as described in the standard text “Protecting groups in Organic Synthesis”, 2nd 
Edition (1991) by Greene and Wuts. The protective group may also be a polymer resin 
such as Wang resin or 2-chlorotrity 1 chloride resin. 



20 
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Methods of preparation 

The compounds of the invention may be prepared as outlined below according to any of 
methods A-J. However, the invention is not limited to these methods, the compounds may 
also be prepared as described for structurally related compounds in the prior art. 

A. The compounds of the invention of formula I wherein R and R are hydrogen can be 
prepared by a condensation reaction, such as a Knoevenagel or Wittig type reaction, of a 
carbonyl compound of the formula II 




with a compound of the formula HI or IV 



R 1 

I 

H 2 C-COR III or 



L - P - CH - COR 



¥ 



i 

R 1 



IV 



in which formulas D, D\ D”, n, R, R 1 and R 3 are as defined in Category A and L 1 = L 2 = 
L 3 are phenyl or L l =L 2 are OR d (wherein R d is as defined in Category A) and L 3 is =0, 
and if desired, followed by reduction of the obtained double bond and removal of 
protective groups. 



Al. In the condensation step approximately equimolar amounts of reactants are mixed in 
the presence of a base, such as sodium acetate, piperidine acetate, LDA or potassium ten- 
butoxide to provide the compound of formula I wherein A is the unsaturated moiety. This 
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step may be carried out in the presence of an inert solvent or in the absence of solvent in 
which case the temperature should be sufficiently high to cause at least partial melting of 
the reaction mixture, a preferred such temperature is in the range of 100°C to 250°C. 

Sometimes it is necessary to add a dehydrating agent such as p-toluenesulfonic acid in 
order to achieve the formation of the double bond. 

In a typical such reaction the aldehyde or ketone starting material and the compound of 
formula HI are combined in approximately equimolar amounts and molar excess, 
preferably 1-5 fold, of anhydrous sodium acetate and the mixture is heated until it melts if 
necessary under vacuum. The compound of formula I wherein A is the unsaturated moiety, 
can then be isolated by mixing with water and acetone, followed by filtration of the formed 
precipitate. The crude product can be purified if desired, e.g. by recrystallization or by 
standard chromatographic methods. 

This reaction can also be performed conveniently in a solvent such as toluene in the 
presence of piperidine acetate. The reaction mixture is refluxed in a Dean-Stark apparatus 
to remove water. The solution is then cooled and the olefin product isolated and purified, 
by standard methods. 

The reaction can also be performed by mixing the aldehyde or ketone and the compound of 
formula HI in dry tetrahydrofuran, slowly adding potassium tert-butoxide at -20°C and 
quenching the reaction with acetic acid. The crude product is isolated and then dissolved in 
toluene and refluxed with p-toluenesulfonic acid in an Dean-Stark apparatus to remove the 
water. The product is then isolated and purified, by standard methods. 

A2. The reaction can also be performed in the presence of titanium (IV) chloride and 
pyridine in an inert solvent, such as chloroform. 
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A3. The condensation step could also be performed as a Wittig-type reaction (cf. 
Comprehensive Organic Synthesis vol. 1 p. 755-781 Pergamon Press) or as described in 
the experimental part 

Approximately equimolar amounts of reactants II and IV, are mixed in the presence of a 
base such as tetramethylguanidine or potassium carbonate in a 1-5 fold molar excess. This 
reaction may be carried out in the presence of an inert solvent such as dichloromethane or 
isopropanol at a suitable temperature (-10°C - + 60°C) and at a time long enough. 

The compound of the formula II is prepared by coupling a compound of the formula V 




V 



with a compound of the formula VI 




in which formulas D, D', D", n and R 3 are as defined in Category A, at, for example 
alkylation conditions or by a Mitsunobu reaction (Tsunoda, Tetr. Lett. 34, 1639-42 (1993), 
when necessary followed by modifications of the D-groups as described in the 
experimental section. 

The group R 1 can be - OH or a leaving group, such as halogen, sulfonate or inflate. 
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The alkylation reaction and the Mitsunobu reaction can be carried out as described below 
or as in the experimental section. 

The compounds of formula m, IV, V or VI are either commercially available or can be 
prepared by standard procedures known to anyone skilled in the art from commercially 
available starting materials or by procedures described in the experimental section. 

The reduction of the olefin may be carried out by using a wide variety of reducing methods 
known to reduce carbon-carbon double bonds, such as catalytic hydrogenation in the 
presence of an appropriate catalyst, magnesium or sodium amalgam in a lower alcohol 
such as methanol, or hydrogen transfer reagents such as diethyl-2,5-dimethyl-l,4- 
dihydropyridine-3 ,5-dicarboxylate. 

The catal ytic hydrogenation can be conducted in alcohol, cellosolves, protic polar organic 
solvents, ethers, lower alifatic acids, and particularly in methanol, ethanol, 
methoxyethanol, dime thyl form amide, tetrahydrofuran, dioxane, dimetoxyethane, ethyl 
a ce ta t e or acetic acid, either used alone or in mixture. Examples of the catalyst used include 
palladium black, p alladium on activated charcoal, platinum oxide or Wilkinson’s catalyst 
The reaction can proceed at different temperatures and pressures depending on the 
reactivity of the aimed reaction. 

In case of hydrogen transfer reaction with diethyl-2, 5-dimethyl-l,4-dihydropyridine-3,5- 
dicarboxylale, equimolar amounts of reactants are mixed and the mixture is wanned to 
melting (140°C - 250°C) under inert atmosphere or under vacuum. 

B. The compounds of the invention of formula I where A= -CR R -CR R -COR, wherein 
R 4 is hydrogen can be prepared by reacting a carbonyl compound of formula II 
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with a compound of formula VII 

R 1 

I 

H - C - COR VII 

I 

5 R2 

in which formulas D, D', D", n, R 1 and R 3 are as defined in Category A and R 2 is alkyl, 
aryl or alkylaryl, followed by dehydroxy lation and if necessary by removal of protective 
groups. 

10 

In the reaction the compound of formula II is reacted with a compound of formula VII in 
the presence of a strong base such as LDA in an inert solvent followed by addition of a 
dehydro xylating agent such as borontrifluoride etherate. 

The reaction can be carried out as described in the experimental section or by standard 
15 methods know to anyone skilled in the art 

The compound of formula VII are either commercially available or can be prepared by 
standard procedures. 

20 C. The compounds of the invention of formula I where A=CR 3 R 4 -CR^-COR, can be 
prepared by an alkylation reaction with a compound of formula VUI 
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where in X is a leaving group, such as halogen, sulfonates or triflates, on a compound of 
formula VII, 

5 

R 1 

I 

H - C - COR VII 

I 

R 2 

in which formulas D, D’, D", n, R, R l , R 2 , R 3 and R 4 are as defined in Category A and, if 
desired, followed by removal of protective groups. 

10 

In the alkylation step the compound of formula VII is reacted with a compound of formula 
Vm in the presence of one or more bases such as potassium carbonate, 
triethylbenzylammonium chloride, sodium hydride, LDA, butyllithium or LHMDS and in 
a inert solvent such as acetonitrile, DMF or dichlo romethane at a suitable temperature and 
is time. The reaction can be carried out as described in the examples or by standard methods 
known in the literature. (Synth. Comm. 19(788) 1167-1175 (1989)). 



The compound of formula VIE can be prepared from an alcohol of formula IX 
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wherein D, D', D", n, R 3 and R 4 are as defined in Category A using standard methods or as 
described in the experimental section. 

The compound of formula IX can be prepared from a compound of formula n either by 
5 reduction with a reducing agent known to convert a carbonyl group to a hydroxyl group 
such as lithium borohydride or sodium borohydride or by reaction with an organometallic 
compound such as an organolithium or a Grignard reagent by sta n da r d methods or as 
described in the experimental section. 

10 D. The compounds of the invention of formula I can be prepared by reaction of a 
compound of the formula 




is with a compound of the formula X 




20 in which formulas D, D\ D”, n and A are as defined in Category A, and R 1 is 

•OH or a leaving group such as halogen, sulfonate, triflate, either by an alkylation reaction 
or a Mitsunobu reaction, when nessecary followed by removal of protective groups. 

The compound of formula X can be prepared in accordance to method A from 
25 commercially available starting materials and compounds of formula m or IV. 
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Dl. In an alkylation reaction the leaving group R 1 can be a sulfonate such as mesylate, 
nosylate, tosylate, or a halogen, such as bromine or iodine. The compounds of formula V 
and X, in approximately equimolar amounts or with an excess of one of the compounds, 

5 are heated to reflux temperature in an inert solvent, such as isopropanol or acetonitrile, in 
the presence of a base, such as potassium carbonate or cesium carbonate. 

The mixture is refluxed for the necessary time, typically between 0.5 h to 24 h, the work up 
procedure usually include filtration, for removal of solid salt, evaporation and extraction 
10 with water and an organic solvent such as dichloromethane, ethyl acetate, or diethyl ether. 
The crude product is purified if desired e.g. by recrystallization or by standard 
chromatographic methods. 

D2. The Mitsunobu reaction can be carried out according to standard methods. 

15 

In a typical Mitsunobu reaction a compound of formula V, wherein the group R 1 is a 
hydroxyl group, and a compound of formula X are mixed, in approximately equimolar 
amounts or with an excess of one of the compounds, in an inert solvent, such as 
chloroform, dichloromethane, or tetrahydrofuran. A slight molar excess of an 
20 azodicarboxylate, (1-4 equivalents) such as DEAD or ADDP and aphosphine (1-4 

equivalents), such as tributylphosphine or triphenylphosphine are added and the reaction 
mixture is stirred at a temperature high enough, for example room temperature, and a time 
long enough (1-24 hours) to obtain the crude product, which can be worked up according 
to standard litterature methods and if desired purified, e.g. by standard chromatographic 
25 methods. 

3 4 1 ■ 7 

E. The compounds of the invention of formula I, wherein A is -CR R -CR R -COR, 
wherein R, R , R and R are as defined in Category A andR is 
-OR e , wherein R e is as defined in Category A, 

-0-[CH2] m -0R f , wherein m and R f are as defined in Category A, 



30 
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wherein D, D\ D", n, R, R 2 , R 3 , R 4 are as defined in Category A and R 1 is -OH or a 
leaving group such as halogen, sulfonate or triflate and X" is -OH followed, if necessary, 
by removal of protective groups. 

The reaction can be performed as described above or by standard methods know to anyone 
5 skilled in the art 

The compound of the formula XII can be prepared according to literature methods from 
commercially available starting materials. 

io F. The compounds of the formula I wherein A is -CR 3 R 4 - CR 1 R 2 -COR, and R, R 2 , R 3 

4 l 

andR are as defined in Category A and R is 

-SR d , wherein R d is as defined in Category A, 

can be prepared by reacting a compound of the formula XHI 




wherein D, D\ D”, n, R, R 2 , R 3 , R 4 are as defined in Category A and X’ is halogen, 
a thiol in a substitution reaction. The reaction can be carried out in accordance to methods 
known to those skilled in the art or as described in the examples. 

20 

The compound of formula XEQ can be prepared in accordance to method D from either 
commercially available starting materials or from starting materials prepared by standard 
procedures from commercially available starting materials. 

d c 

23 G. The compounds of the invention of formula I wherein D is -OS0 2 R ,-SR , 

- OCONR f R a , -NR c COOR d , -NR c COR a , -NR'R' 1 , -NR'CONR^, NR c S02R d and 




